Abstract: Cerium dioxide is a rare earth oxide material which may be useful for various optical and electronic applications because of its high refractive index and dielectric constant. Cerium dioxide thin f i i were deposited on to glass substrates using r.f. magnetron sputtering. A cerium dioxide target was used for sputtering and films were deposited for various oxygenargon gas flow ratios under different sputtering power levels. X-ray photoelectron spectroscopy analysis were performed on these films and th.e results are presented in terms of deposition conditions.
INTRODUCTION
The rare earth oxides are potentially useful materials for various optical and electronic applications. One such material is cerium dioxide (CeO,). Thin fihns of CeO, have been used in single layer and multilayer optical coatings [ 1, 2] . CeO, was used as a gate insulator for enhancement type n-channel metaloxide-semiconductor transistors [3] . The films of CeO, are also used for energy related applications [4] . Having a large dielectric constant (-26), CeO, has potential advantage for the application to stable capacitors .with small dimension, for example the storage capacitor in the dynamic random access memory devices [5] . CeO, films can be prepared by a variety of techniques. Netterfield et al. deposited CeO, by an oxygen ion assisted process and investigated their optical properties]. Misiano and Simonetti studied Ce0,-SiO, mixed films using Ce0,-SiO, as source materials in a co-sputtering process [l]. Greene et al. prepared and characterized CeO, films through a bias sputtering process using doped CeO, target with 5 mol.% Y203 [6] . In the present work, CeO, films were prepared by an r.f. sputtering process using a CeO, target. The films were deposited at various input sputtering power levels and various oxygen-argon gas flow ratios. The f i l m s were analyzed by the x-ray photoelectron spectroscopy and the results are presented based on the depositions condition:;. 
EXPERWIENTAL
The cerium dioxide (CeO,) films were deposited in a cryopumped vacuum system containing a water-cooled r.f. magnetron sputtering gun (US Gun II) operating at 13.56
MHz. A 5-cm diameter pressed cerium dioxide target (99.99% purity, Cerac Inc.) was used for deposition. The target to substrate distance was 3.2 cm and was kept fixed for all depositions. The system also has a shutter between the target and the substrate holder. Before each deposition the target was pre-sputtered using the shutter for 15 minutes to remove any contamination on the surface of the target. The system was initially pumped to 1~1 0 -~ TOK. The base pressure and the pressure during sputtering were adjusted to be 3x10, Torr by allowing argon and oxygen in the system. The flow rates of argon and oxygen were measured using gas flow meters. ?'he depositions were carried out for various argon-oxygen flow ratios. Even though the films were deposited without any substrate heating, substrate temperatures in the range of 80-140 "C were attained for various input power levels and sputtering durations. In order to keep the temperature as stable as possible, a metal block was placed on the back of the substrate to act as a heat sink. The films were deposited onto cleaned glass substrates (Corning 2947) at three input power levels, namely 100,150, and 200 W, with the reflected power adjusted to zero at all the time by tuning. The typical durations of sputtering ranged from 45 to 90 minutes.
The thickness of the deposited films were measured using the standard optical interferometer technique (Bausch Lomb, Interometer Model 3 1-1871). Occasionally, the thickness measured by the interoferometer technique was also checked with measurements using a Tencor Alpha Step 200 to check the accuracy. The average deposition rate was calculated by dividing the measured thickness by the sputtering time. The chemical surface analysis of the films was done using an Xray photoelectron spectrometer (XPS) (Kratos XSAM 800).
MgK, X-rays of 12 kV and 15 mA were used for analysis.
0-7803-3088-9/96/$4.00 0 1996 IEEE The films were sputter etched for periods ranging from 2-5 minutes to a depth of nearIy 5 nm and surface analysis were performed. RESULTS Figure 1 shows the deposition rates (6) 
AND DISCUSSION

Deposition rates
exhlbited a large increase with O, / Ar ratio. This is due to the fact that at higher power levels, the secondary electrons will have considerable energy causing substantial re-sputtering of the film. All the deposition rates peaked nearly at an O,/& ratio of 0.8. Beyond this ratio, d decreased. This is due to the fact that the amount of argon in the system has decreased, causing the sputtering rate to decrease, since oxygen has a lower sputtering yield than argon. The thickness of the films ranged from 2-8 d m i n depending on the deposition conditions. O2IArgon flow ratio Figure 1 Deposition rate of CeO, films VS oxygedargon flow ratios for various input power levels XPS studies Figure 2 shows the surface spectrum of a typical CeO, film on glass. Peaks due to Ce 3d, Ce 4p, Ce 4d, 0 Is, and C 1s were observed. Carbon peak at 284.7 eV is due to the air exposure. The intensity of carbon peak decreased considerably when the analysis was done after sputter etching. Typical high resolution spectra of 0 Is and Ce 3d peaks are shown in Figures 3 and 4 . The principal binding energies of the peaks observed are listed in Table 1 . The peak position of the 0 1s around 529.2 eV is characteristic of metallic oxides. A slight shoulder was observed (Figure 3 ) on the high energy side for the 0 1 s peak for all the samples and this due to the chemisorbed oxygen [7] . The 0 1s peak positions ranged from 528.6 -529.2 eV. Cerium forms two oxides namely CeO, and Ce,03 with 0 1s peaks at 528.6 and 528.9 eV respectively [7] . The films deposited at 100 W input sputtering power and below 0.4 O,/Ar ratio showed 0 1s peak between 528.9 -529.2 eV indicating the presence of oxygen deficient oxides of cerium in the form of Ce,03. This trend of decreasing binding energy of 0 1 s line was observed on the oxidation of c e r i u m 0 to ceriumQY) [8] . This is also supported by rather broad line width of 2.3 eV compared to line widths in the range of 1.6 -1.8 for other CeO, films. The depth analysis did not show significant changes in the 0 1s peak positions. The Ce 3d,,.,, spectrum of the f i l m ( Figure 4) shows two prominent peaks at 881.2 and 899.5 eV. These lines represent the 3d,, and 3d3, lines, respectively, with a spinorbit splitting of 18.3 eV. These values are close to one given for CeO, [9] . The three satellite lines at 883.8, 897.5 and 902.5 eV can be assigned as "shake-down" satellites, while the line at 915.8 eV is due to a small ceriumw) impurity in the sample [8, 9] . All the films except the one deposited with zero OjAr ratio showed Ce 3d,peak between 881.0 -881.7 eV corresponding to CeO, [7] . 
CONCLUSION
CeO, films were deposited by an r.f. sputtering process using a cerium dioxide target. An optimum oxygedargon gas flow ratio was found to give the highest deposition rate for the f i l m s at various sputtering power levels and this was found out to be around 0.8. XPS analysis indicated that the films deposited without oxygen yielded mixed oxides of cerium
